Abstract : Cow leather coated with polyurethane film that contains various organic photosensitizers was investigated to demonstrate the antimicrobial properties in the application of the material to protective clothing and home appliances. To prepare the antimicrobial coating on leather surfaces with high potency against microbes, photoactive agents, such as benzophenone (BP), 4,4'-bis(dimethylamino) benzophenone (MK), 4,4'-dihydroxybenzophenone (DHBP) and methylene blue (MB), were incorporated into polyurethane-based coating solutions. The photoactive antimicrobial agent treated leather samples were characterized by SEM, color appearance, color fastness against abrasion, and antimicrobial tests. The optical properties of organic photosensitizers indicated that active UV absorbance ranges were different: BP (around 250 nm), MK (around 360 nm), DHBP (around 305 nm) and MB (around 295 nm &570 nm-685 nm). The intensity of the UV absorbance curve at the UVA light wavelength for the antimicrobial test showed the highest value with MK; subsequently, this was followed by MB, DHBP and BP in decreasing order. The treated-leather samples demonstrated excellent antibacterial activity under UVA light. The antimicrobial effects for the Staphylococcus aureus were superior to Escherichia coli. Moreover, the polyurethane finishing showed an effective durability to abrasion. The overall results indicated that DHBP is the most suitable PU coating additive to provide antimicrobial properties to leather as well as color and surface appearance than MK, MB, and BP.
Introduction
Protection from hazardous materials is emerging as an important social issue since toxic substances and infectious bacteria threaten human health and the environment (Singh et al., 2001; Kenawy et al., 2007; Sun & Dave, 2005) . The most commonly used antimicrobial agents are titanium dioxide (Kwon et al., 2003; Li et al., 2009; Tryba, 2008) , halamine compounds (Sun & Sun, 2003) , and quaternary ammonium (Tashiro, 2001) . They are usually attached to the surfaces of substance and released slowly so that they can directly react with germs. Recently, among various antimicrobial agents, photoactive antimicrobial research has attracted increased attention as a clean technology (Mills & Hunte, 1997) . The chromophoric group of organic photosensitizers such as benzophenone are commonly used as photosensitizers. The carbonyl group of benzophenone generates free radicals through UV irradiation. The triplet structure can be easily quenched with oxygen; in addition, it extracts a hydrogen atom from any active hydrogen sources to form a ketyl radical. Harmful materials in contact with the ketyl group are oxidized and destroyed (Hong & Sun, 2009; Hong & Sun, 2007) . Our previous study (Lim & Oh, 2011; Lim et al., 2012) found that polymers containing organic photosensitizers provided good antimicrobial properties. Photoactivity and mechanical properties of film containing various photosensitizers were significantly affected by type, the amount of photosensitizer, and contact areas.
Leather has various properties such as durability, elasticity, plasticity, resistance to perspiration, slipperiness and stiffness (Sundar et al., 2006) . Generally leather goods were produced by a series of successive preparation processes such as pre-tanning operations to clean the hides or skins, tanning to permanently stabilize the leather, and finishing operation to protect the leather surface and give more favorable tactile touch. The tactile sensation of leather is related to the comfort, style, and appearance of clothing.
The fabric hand is closely related to consumer needs demanded by the market. Therefore, several finishing techniques and coating materials have been continuously developed since final finishing process give significant effect on consumer preference. Among many coating materials, polyurethane(PU) dispersions are the most popular coating materials in leather finishing due to their excellent properties against abrasion and chemicals (Hong & Sun, 2010) . In additions, in order to improve the functionality of leather in various aspects, some functional additives were applied to the surface of leather during the finishing process, the final leather products †Corresponding author; Kyung Wha Oh Tel. +82-2-820-5381, Fax. +82-2-826-4243 E-mail: kwhaoh@cau.ac.kr 
Preparation
Unfinished leather was cut into 30×30 cm 2 and the surfaces were cleaned by air compression. PS and PU-based solutions were prepared by in Table 1 . After pre-experiment, optimum concentration of 1.5 wt% PS were added to the PU-based solution. The PU-based solutions with/without PS were coated to the surface of the unfin- 
Characterization
The UV/V is absorbance of each material was measured with a UV/V is spectrometer(Scinco Co., S-4100, Korea) that ranged After dropping the 0.2 ml diluted microbial solution, the solution was spread evenly on PS coated leather; in addition, UVA light were irradiated on the PS coated leather for 1, 2 and 3 hours, respectively.
Next, the PS coated leathers were immersed in a 20 ml quenching solution (distilled water) and 1 ml of the solution was put in a test tube with a 9 ml saline solution in order to dilute the microbes. 
Results and Discussion

Optical properties of organic photosensitizers
The UV/V is spectra of BP, MK, DHBP and MB selected as organic photosensitizers is shown in Fig. 1 . The materials were dissolved in an1-propanol to measure the light absorbance that ranged from 200 nm to 800 nm. Absorbance peak wavelength and intensities of BP (around 250 nm), MK (360 nm), DHBP (305 nm) and MB (295 nm, 570-685 nm) were observed. The intensity of the UV absorbance at the wavelength of UVA (315-400 nm) light used for the antimicrobial test showed the highest value with MK; this was followed by DHBP, MB and BP in decreasing order. This greater intensity of UVA absorbance peaks for MK, DHBP, and MB than that of benzophenone (Fig. 2) demonstrates hyperchromic effect of substituents.
Surface morphology and color appearance
The color change of the leather that contains organic photosensitizer is presented in Table 2 . The lightness (L*) of the leather containing BP, DHBP and MK shows similar higher values than the pristine leather; however, the lightness of MB is darker than other materials because of blue coloring. The a* value of all materials except DHBP is higher than that of pristine leather (target) and then shows indicate a dark redish color. Also the b* value of MB shows lowest negative value along the materials. The leather containing MB has the dark bluish color. Therefore the color of the leather is associated with wavelength of the UV/V is spectra. 
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sensitizers. It was found that the surface of leathers containing organic photosensitizers became uniform and non-porous nearly.
Also it confirmed that organic photosensitizers were distributed evenly on the leather.
The color fastness to crocking of the leather that contains organic photosensitizer is presented in Table 3 . The system was measured as dry and wet methods and used by 9 step chromatic transference scale from AATCC in order to evaluate. The photosensitizers such as BP and DHBP didn't transfer color to the white test cloth by both dry and wet crocking. However photosensitizers such as MK and MB showed that they couldn't be adhered to the leather completely, resulting in color change by abrasion.
Antimicrobial properties
Antimicrobial properties of leathers that contain various photosensitizers were evaluated and the results presented in provided superior antimicrobial properties to benzophenone.
Conclusion
Self-decontamination materials were developed with organic photosensitizers in this study. 
